Abstract. Electron spectra measured with ALICE at mid-rapidity are used to study the production of hadrons carrying a charm or a beauty quark. The production cross section of electrons from heavy-flavour hadron decays is measured in pp collisions at √ s=7 TeV. Electrons from the beauty decays are identified via the displacement from the interaction vertex. From the electron spectra measured in Pb-Pb collisions, we determine the nuclear modification factor, which is sensitive to the heavy-quark energy loss in a hot strongly interacting medium.
The measurement of heavy-flavour production cross sections allows an important test for perturbative QCD descriptions of hard processes in hadronic interactions. Moreover, charm and beauty quarks are a sensitive tool to study the flavour dependence of parton energy loss in high energy nucleus-nucleus collisions, the Quark-Gluon Plasma (QGP). Precision measurements of heavy-flavour production in proton-proton collisions provide the necessary reference for the interpretation of the Pb-Pb collision results within a QGP framework.
One channel to measure the heavy-flavour production cross section is semi-leptonic decays of hadrons carrying a charm or a beauty quark. Such decays have a relatively large branching ratio (of about 10%) and offer a complementary approach to that of the reconstruction in exclusive hadronic decays.
ALICE (A Large Ion Collider Experiment) [1] at the LHC is well equipped to address these physics topics: it has very good particle identification and spatial resolution for the separation of secondary vertices. The latest ALICE heavy-flavour physics results are summarised in [2] . This contribution presents the results from the measurement of electron spectra in proton-proton and Pb-Pb collisions at mid-rapidity.
Electron identification and inclusive spectra
Electrons are identified at mid-rapidity using the information provided by the Time Projection Chamber (TPC), the Transition Radiation Detector (TRD), and the TimeOf-Flight (TOF) detector. The time-of-flight of the individual particles is required to be consistent with the electron hypothesis. Using the TRD information, an electron likelihood is computed from the energy deposited in the 6 detector layers by charged particles. In order to provide a good e/π separation, tracks are required to have at least 5 out of maximum 6 chambers providing information on the energy deposit. A cut providing an electron selection efficiency of 80% is applied to the likelihood value.
arXiv:1109.6436v1 [nucl-ex] 29 Sep 2011
Finally, we consider the TPC energy loss dE/dx expressed as deviation from the BetheBloch electron curve and select electron candidates from the top half of the dE/dx distribution, to guarantee very high electron purity.
Inclusive electron spectra are based on high-quality tracks passing the particle identification criteria over a momentum range where the hadron contamination does not exceed 10%. In the pp analysis all three detectors were used to identify electrons and the spectra extend up to 10 GeV/c in transverse momentum p t . In the Pb-Pb analysis only the TOF and TPC information were used and the spectra extend up to 6 GeV/c. The remaining hadron contamination is estimated by fitting the electron and the hadron TPC dE/dx Gaussian distributions in narrow momentum slices and counting the hadrons passing the PID cut. This contribution is subtracted.
The electron yield is corrected for acceptance and for the efficiency of the selection criteria, using Monte-Carlo simulations. An unfolding procedure is applied to correct for the distortion of the p t distribution due to Bremsstrahlung.
The inclusive electron spectrum contains contributions from many sources other than heavy-flavour hadron decays. The most important are: Dalitz decays of lightflavour neutral mesons (π 0 , η, ω, η', φ), photon conversions in the beam pipe and in the detector material, di-electron decays of vector mesons (ρ, ω, φ), heavy quarkonia, real and virtual QCD photons. The spectrum composed of these background electrons is described by the so-called electron cocktail, calculated on the basis of meson spectra measured with the ALICE detector, as described in more detail elsewhere [3] . Further components are parametrized according to other measurements at the LHC (e.g. quarkonia) or theoretical predictions (e.g. QCD photons). In this analysis, the statistical subtraction of the cocktail from the inclusive electron spectrum provides the transverse momentum distribution of electrons from heavy-flavour hadron decays.
Results from proton-proton collisions at
√ s=7 TeV A sample of minimum bias pp collisions (2.6 nb −1 ) recorded by ALICE in summer 2010 at √ s=7 TeV was used to measure the production cross section of electrons from heavy-flavour decays according to the method discussed above. The measured spectrum, including both the charm and the beauty contributions, is shown in Fig. 1 on the left. The present conservative estimate of the systematic uncertainty is ≈20% on the measured spectrum and ≈10% on the electron cocktail.
The measured cross section is compared to a prediction at Fixed-Order plus Nextto-Leading Logarithms (FONLL) [4] which provides a good description.
The silicon Inner Tracking System (ITS) provides excellent impact parameter resolution allowing for isolation of decay products of longer living particles. Electrons from the decay of hadrons with beauty content are selected by requiring large displacement from the interaction vertex. The impact parameter resolution is well described in our simulations. A selection is applied by requiring the electron to miss the interaction vertex by at least three times the error on the separation of the track from the vertex (of the order of 80 µm at 2 GeV/c). The remaining contribution from charm decays is estimated from the D meson cross section at mid-rapidity, and subtracted. The resulting spectrum of electrons from beauty decays is shown in Fig.1 on the right, also compared to the FONLL prediction for the beauty component. This is the first beauty production cross section measurement in ALICE.
Results from Pb-Pb collisions at √ s NN =2.76 TeV
A similar analysis is performed with Pb-Pb collisions recorded by ALICE in November and December 2010. Electrons are identified with the TOF and TPC detectors and inclusive electron spectra are obtained in 6 different centrality bins. The hadron contamination in the electron sample remains below 10% in the momentum range between 1.5 and 6 GeV/c, to which this first measurement is restricted. The inclusive electron spectra are corrected for acceptance and efficiencies using a HIJING Monte-Carlo sample enriched with heavy-flavour signals. An electron cocktail for each centrality bin is calculated based on the charged pion spectra measured by ALICE. In the Pb-Pb analysis the systematic uncertainties currently are large: of the order of 35% on the inclusive spectra and 25% on the cocktails.
When comparing the inclusive electron spectra with those generated using the cocktail prescription (see Fig. 2 and 3 in [5] , where more details are discussed), a hint for an excess is observed in the electron yield in the transverse momentum region between 1.5 and ≈3.5 GeV/c. The excess (indicated by the ratio in Fig. 3 in [5] , significantly larger than in pp collisions, despite the large systematic uncertainties) exhibits a clear centrality dependence. Cross checks with the ALICE measurement of D mesons at midrapidity seem to exclude an additional charm source. The possibility of a contribution from thermal radiation, already measured at RHIC [6] , will be further investigated.
We compute the nuclear modification factor R AA defined as R AA (p t ) =
, where T AA is the average nuclear overlap function for a given centrality bin, and dN AA /dp t and dσ pp /dp t describe the electron yield in Pb-Pb and in pp collisions.
The latter is obtained by extrapolat- ing the measured spectrum at √ s=7 TeV down to the energy of 2.76 TeV according to FONLL prescriptions [7] .
The resulting R AA for the cocktail subtracted electrons in the 0-10% most central events is shown in Fig. 2 . In the transverse momentum region between 3.5 and 6 GeV/c, in which we assume that the cocktail-subtracted electron spectra are dominated by electrons from heavyflavour decays, a suppression by a factor 1.5-4 is observed. This is similar to the suppression measured with single muons at forward rapidity [8] . This measurement is compatible with inmedium energy loss of the heavy-flavour quarks.
Conclusions
The measurement of electron spectra at mid-rapidity in ALICE allows to determine the production cross section of electrons from heavy-flavour decays in pp collisions at √ s=7 TeV. The first measurement of beauty hadron decays was presented. FONLL predictions provide a good description of the measured spectra. Together with the electron spectra measured in Pb-Pb collisions, a nuclear modification factor is extracted, showing a strong suppression of electrons from heavy-flavour decays in central collisions.
The next goal is to measure the suppression factor for electrons from charm and beauty hadrons separately, to provide constraints to in-medium energy loss models.
